INTRODUCTION {#sec1-1}
============

Ectopic splenic tissue can arise either from autotransplation via trauma ("splenosis") or from a failure of a portion of the spleen to fuse with the main splenic tissue during development ("accessory spleen \[AS\]," "splenule," or "splenunculus").\[[@ref1][@ref2][@ref3]\] The prevalence of AS ranges from 10%--30%,\[[@ref2][@ref4]\] with the most recent 2017 meta-analysis of over 22,000 patients reporting 14.5% prevalence of AS.\[[@ref5]\] It can be found anywhere from the vicinity of its original location to ovaries and testes, the most common location being the splenic hilum (62.1%) followed by the pancreatic tail (5.5%).\[[@ref1][@ref2][@ref5][@ref6][@ref7]\] The latter especially can present as a diagnostic dilemma, as it can look similar to other pancreatic pathologies on imaging, such as pancreatic adenocarcinoma and neuroendocrine tumors. Since AS is usually an incidental finding that requires no treatment,\[[@ref2][@ref4]\] it is important to distinguish intrapancreatic AS (IPAS) from other pancreatic neoplasms to avoid unnecessary interventions.

One of the most common ways to evaluate a pancreas mass is through EUS. Endosonographically, IPAS presents as a round homogenous echotexture similar to the adjacent spleen with increased vascularity, possibly more hypoechoic compared to the surrounding pancreas.\[[@ref4][@ref8][@ref9][@ref10][@ref11]\] These characteristics may also be suspicious for a pancreatic neoplasm, and previous studies have shown that it is still difficult to distinguish benign lesions such as pancreatic cysts from pancreatic malignancies through EUS.\[[@ref12][@ref13][@ref14]\]

While studies have described the IPAS by EUS criteria, no studies have compared the endosonographic features of IPAS to other pancreatic lesions. Here, we describe the interobserver variability in distinguishing IPAS from other pathology via EUS. This study aims to clearly define the role of EUS and assess its accuracy in distinguishing IPAS from other pancreatic lesions.

MATERIALS AND METHODS {#sec1-2}
=====================

Twelve sets of endoscopic images of the spleen and various pancreatic lesions confirmed on histology or cytology via EUS-FNA/fine-needle biopsy were gathered from the endoscopic database at the University of Maryland Medical Center. Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} portray representative pictures of the lesions and spleen. The study was approved by the Institutional Review Board. The images for each set (spleen and lesion) were taken during the same procedure without altering processor gain. The images were deidentified and randomized. Ten gastroenterologists trained in EUS were then given a set of multiple-choice questions that asked to characterize the lesions and identify them as either IPAS or not IPAS. The participants had performed EUS independently from 3 years to over 5 years, with majority in the latter group (7 of 10 endosonographers). With exception to the principal investigator (PI), the rest of the participants were not directly involved in the actual EUS procedures. The PI was blinded from the collection, deidentification, and randomization of the EUS images.

![Representative images of endoscopic images of spleen and pancreatic lesions](EUS-8-392-g001){#F1}

![Images of intrapancreatic accessory spleen (study images 1 and 6)](EUS-8-392-g002){#F2}

The responses were collected and analyzed via Excel and the statistical measurements such as sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for diagnosing IPAS were obtained. These values were obtained by evaluating the total number of responses for the IPAS lesions *versus* non-IPAS lesions. For example, as there are three IPAS lesions with ten endosonographers, there are a total of 30 responses. Out of those, the true positives and false negatives were calculated to derive sensitivity. Similarly, as there are nine non-IPAS lesions, a total of 90 responses were generated, from which specificity was calculated.

The interobserver agreement was analyzed using Gwet\'s agreement coefficient (AC) statistic via Stata I/C v15 (StrataCorp, LLC, College Station, TX, USA). Gwet\'s AC helps to delineate how well individuals agree with each other that is not attributed to chance alone. Gwet\'s AC ranges from −1 (absolutely no agreement) to +1 (perfect agreement), with 0.01--0.2 having poor agreement, 0.2--0.4 fair, 0.4--0.6 moderate, 0.6--0.8 substantial, and 0.8--0.99 having almost perfect agreement. Gwet\'s AC was used rather than conventional kappa to enable weight-based analysis for one of the questions that had a range of answer choices. Specifically, the question asked about the echogenicity of the pancreatic lesion compared to spleen, with answer choices being hypoechoic, isoechoic, mixed, or hyperechoic. Gwet\'s AC was used to take into account that hypoechoic *versus* hyperechoic would render more of a disagreement than hypoechoic *versus* mixed or isoechoic *versus* hyperechoic, which would render more of a disagreement than hypoechoic *versus* isoechoic, isoechoic *versus* mixed, or mixed *versus* hyperechoic.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} depicts the endosonographer\'s responses to the questionnaire regarding the lesion\'s shape, echogenicity of the lesion compared to spleen, echotexture of the lesion, border of the lesion, and whether the lesion was thought to be IPAS. The pancreatic lesions include seven cases of pancreatic neuroendocrine tumor (PNET), one case of pancreatic adenocarcinoma, one case of metastasized renal cell carcinoma, and three cases of IPAS. IPAS was confirmed via surgical resection in one case and FNA in the additional two. Cytology showed a mixed population of mature lymphocytes and occasional vessels. In our sample, Gwet\'s AC was 0.75 (substantial agreement) for describing the shape of the lesion. Gwet\'s AC weighted for multiple categories of echogenicity of the lesion was 0.53 (moderate agreement), 0.54 (moderate agreement) for echotexture, and 0.52 (moderate agreement) for describing border of the lesion.

###### 

Statistical analyses of the responses from endosonographers

  Image number   Lesion         Shape             Echogenicity\*                                 Echotexture                         Border                      Accessory spleen (yes/no) - % correct
  -------------- -------------- ----------------- ---------------------------------------------- ----------------------------------- --------------------------- ---------------------------------------
  1              IPAS           90% round/oval    90% isoechoic                                  90% homogeneous                     70% sharp/regular           90% yes
  2              Panc AdenoCa   70% lobulated     40% mixed and 40% isoechoic                    100% heterogeneous                  100% irregular              90% no
  3              PNET           90% round/oval    100% hypoechoic                                100% homogeneous                    90% sharp/regular           90% no
  4              PNET           100% round/oval   70% hypoechoic                                 80% homogeneous                     80% sharp/regular           40% no
  5              PNET           100% round/oval   40% isoechoic and 40% hyperechoic              70% heterogeneous                   90% sharp/regular           80% no
  6              IPAS           100% round/oval   90% isoechoic                                  100% homogeneous                    90% sharp/regular           100% yes
  7              PNET           90% round/oval    40% isoechoic, 30% mixed and 30% hyperechoic   80% heterogeneous                   50% irregular 50% regular   90% no
  8              PNET           100% round/oval   50% isoechoic and 50% mixed                    100% heterogeneous                  100% sharp/regular          50% no
  9              PNET           90% round/oval    50% hypoechoic, 30% mixed and 20% isoechoic    100% heterogeneous                  90% sharp/regular           80% no
  10             RCC met        80% lobulated     50% isoechoic and 40% hyperechoic              50% homogeneous 50% heterogeneous   50% irregular 50% regular   80% no
  11             PNET           80% lobulated     50% isoechoic and 40% mixed                    80% heterogeneous                   80% irregular               70% no
  12             IPAS           100% round/oval   90% isoechoic                                  60% heterogeneous 40% homogeneous   90% sharp/regular           40% yes
  Gwet's AC      Overall        0.75              0.53^†^                                        0.54                                0.52                        0.37
  Gwet's AC      IPAS           0.93              0.88^†^                                        0.62                                0.6                         0.62
  Gwet's AC      PNET           0.81              0.47^†^                                        0.6                                 0.6                         0.36

\*Compared to spleen, ^†^Weighted for multiple categories. IPAS: Intrapancreatic accessory spleen; PNET: Pancreatic neuroendocrine tumor; RCC: Renal cell carcinoma; AC: Agreement coefficient

Interobserver agreement was 0.37 (fair agreement) for determining whether or not the pancreatic lesion is AS. In addition, the reviewers were able to correctly recognize IPAS endosonographically with a sensitivity of 77%, specificity of 74%, and positive and negative predictive values of 50% and 92%, respectively.

DISCUSSION {#sec1-4}
==========

IPAS is a benign congenital finding that may mimic pancreatic neoplasms. With increased use of high-resolution imaging that continuously increases our ability detect discrete lesions, it is important to have IPAS in mind to accurately differentiate benign from malignant lesions. An accurate diagnosis of IPAS may prevent needless surgical intervention.

According to our study, EUS is fair in both ruling in and out AS in the pancreas with \>70% sensitivity and specificity. NPV is also high, thus if one determines a lesion is not an IPAS, the likelihood of the lesion actually not being IPAS is 92%. The PPV, however, is 50%, meaning if one calls the pancreatic lesion an IPAS, it is the same as chance that the lesion is actually an IPAS. This is also in the setting of IPAS being prevalent in 25% of the lesions in this study. As stated previously, the most recent meta-analysis has shown that the prevalence of overall AS is about 14.5%; however, out of the 14.5% of AS in the general population, IPAS accounts for only 5.5%, making IPAS an extremely rare finding with an overall prevalence of 0.79% in the general population. This means that in the real world, the PPV of EUS diagnosing IPAS would be significantly lower than portrayed in this study due to the actual low prevalence of IPAS. This reflects the importance of a follow-up FNA and cytologic as well as histologic confirmatory test to enhance the diagnostic accuracy of intrapancreatic lesions.

Previous interobserver agreement studies for EUS diagnosis have reported a fair-to-good agreement for characterizing various gastroenterological lesions via EUS.\[[@ref12][@ref13]\] While AS was not evaluated, Gress *et al*. analyzed kappa statistic for different types of submucosal masses and found they varied depending on the lesions, with cystic lesions showing excellent agreement with kappa of 0.8, while leiomyomas had fair agreement with kappa of 0.53.\[[@ref12]\] Our study provides additional information regarding the role of EUS in characterizing IPAS specifically, and that it does indeed have high interobserver agreement using Gwet\'s AC. Current literature also acknowledges that the AS has a general set of characteristics found on both sonographic and radiologic imaging. Rodriguez *et al*. showed that an AS tends to be an isoechoic or hypoechoic mass with well-defined, smooth borders on EUS,\[[@ref15]\] similar to the findings of our study with our endosonographers. On computed tomography (CT), IPAS presents as a hypervascular, well-defined round lesion.\[[@ref15]\] Nonetheless, studies have also shown that imaging alone is not sufficient to make a confident diagnosis. For example, one recent case series reported four patients who have undergone both CT, magnetic resonance imaging (MRI), and EUS to assess for IPAS. All modalities of imaging described the IPAS in a similar fashion as above; however, the imaging diagnosis in three out of four cases was neuroendocrine tumor, only to be discovered IPAS after EUS-FNA was performed.\[[@ref16]\] Similarly, another review reported that out of eleven IPAS cases, only one was diagnosed accurately as IPAS under CT and MRI and the other ten underwent surgical procedure with a misdiagnosis of various pancreatic malignancies.\[[@ref16][@ref17]\] Although there is a general consensus of both radiologic and sonographic findings of IPAS with homogenous echotexture with regular margins, these have not shown to be specific.\[[@ref9][@ref18]\] Ahmad *et al*. showed that the interobserver agreement for distinguishing neoplastic *versus* nonneoplastic pancreatic cystic lesions was only fair with kappa of 0.24, indicating there is only a slightly higher than chance that endosonographers can distinguish the two lesions via EUS features alone.\[[@ref13]\]

Our study supports the current literature that the diagnosis of a benign lesion, specifically IPAS, and distinguishing it from malignant lesions is also only fair with Gwet\'s AC of 0.37. This further validates why EUS-FNA is essential in diagnosing IPAS to avoid unnecessary surgical intervention. In our study, FNA was performed in two out of three cases of IPAS. The cytology showed a mixed population of lymphocytes and occasional vessels, consistent with AS. Immunostaining has been reported to aid in this diagnosis;\[[@ref19]\] CD8 positivity in the endothelial cells of vessels correlated with cytology may aid in a diagnosis of IPAS.

One of the limitations includes the limited number of endosonographers and images which lowers the power of our statistical analysis. Nonetheless, the numbers are comparable to other interobserver studies done regarding EUS. Another limitation is that there were variations to the number of years the endosonographers have independently practiced EUS. Since EUS is a technical skill that gets more refined over time, there could be some variations to the responses depending on the level of expertise. Finally, the Gwet\'s AC measures the overall agreement of the responses, not necessarily the accuracy. For example, interpreting the echogenicity of the lesion compared to the spleen is especially subjective as some may have answered "hypoechoic" when majority of the lesion is so, as opposed to another who could have chosen "mixed" instead for the same lesion, and neither is incorrect.

We discovered that there is a moderate-to-substantial interobserver agreement in describing the sonographic characteristics of the pancreatic lesions, such as the shape, echogenicity compared to spleen, echotexture, and border of the lesions. However, the interobserver agreement is only fair when deciding if the lesion is an IPAS. One explanation can be seen in the subset analysis of the Gwet\'s AC for IPAS and PNET. For both IPAS and PNET, most endosonographers have described the lesions as round, homogenous lesion with sharp, regular borders. Their similar profile could confound the diagnosis of IPAS, thus contributing to the decreased inter-observer agreement. Future studies with interobserver variability determination for EUS diagnosis of IPAS compared to that of PNET and other pancreatic lesions with a larger sample can be considered.

Our study demonstrates that EUS criteria alone are not accurate for IPAS diagnosis. While there is a significant agreement on describing the lesion itself, other malignant conditions such as PNET often also have similar sonographic characteristics as IPAS. Consequently, the actual diagnosis of IPAS has only a fair interobserver agreement, which is suboptimal when trying to evaluate further management for patients. This is also supported by low PPV for diagnosing IPAS, which reflects that it is the same as chance that the lesion would be IPAS when one calls the lesion IPAS. In other words, there is also a 50% probability that this lesion could be a non-IPAS lesion or a malignancy. Given this poor predictive value, it makes sense that endosonographers would hesitate to call a lesion completely benign if this could just as likely be malignant. Furthermore, with such rare prevalence of IPAS at 0.79%, endosonographers may not have had enough exposure to IPAS to distinguish it from other similar-appearing malignant lesions, making it even more difficult to exclude malignancy. There also is a general consensus that EUS is the most difficult endoscopic procedure to learn,\[[@ref9][@ref10]\] thus it is crucial that the endosonographers have resources available to discern benign from malignant lesions, such as cytological evaluation via EUS-FNA which can better assist in the diagnosis of IPAS *versus* malignant lesions. EUS-FNA is a safe and effective approach with high sensitivity and specificity,\[[@ref3][@ref20]\] and this should be required for a confirmatory diagnosis of IPAS.

CONCLUSION {#sec1-5}
==========

There is only fair interobserver agreement in the diagnosis of IPAS as EUS features overlap with other pancreatic pathology.

 {#sec2-1}

### Financial support and sponsorship {#sec3-1}

Nil.

### Conflicts of interest {#sec3-2}

There are no conflicts of interest.
